Introduction
The electromagnetic response of single slot and multiple slot apertures in canonical shaped test objects was investigated to understand how a mode-stirred chamber (MSC) skews the data from an anechoic chamber. The comparison of the measured data to existing analytical models developed to compensate the mode-stirred chamber data will be shown. This comparison is an important step to enable more robust predictive models to be developed.
Because the mode-stirred chamber averages out any gain of the test object ports of entry, a correction to the mode-stirred chamber response is needed to obtain an estimate of the free space response (as found by the anechoic chamber) of the test object. The electromagnetic leakage into the interior of the canonical test objects occurs through one to eight 2.54 cm (1 inch) long slots around the circumference of the cylinders and in a linear array across one side of the rectangular box. The slots had a height of 20 mils and a depth (wall thickness) of 0.25 inches.
The anechoic measurements were performed on the test objects from 0 to 360 degrees in an azimuthal scan. The reason for performing the azimuthal scans around the test object instead of a single broadside measurement is because the main beam of the slot does not stay centered on broadside (90 degrees) for the entire frequency band of interest. For a single slot cylinder at 3 GHz the beam is centered at 90 degrees around the single slot of the cylinder then at 6 GHz the beam has split into two lobes and has a null in at 90 degrees.
Analytic Model Corrections
Three analytic models were considered for correcting the mode-stirred chamber data to a level commensurate with that of the anechoic data. The three models will be referred to as the intentional emitter, the unintentional emitter, and the Sandia correction factors. The first two models were found in a literature search in the IEEE EMC Journal [1, 2] . The last model was developed by Larry Warne and Roy Jorgenson in the Electromagnetic and Plasma Physics Analysis department at Sandia National Laboratories [3] .
The correction factors found in the EMC Journal are represented as directivity, D, while the Sandia correction is represented as gain, G. The gain of an antenna is simply the directivity of that antenna multiplied by the antenna radiation efficiency. For the case of the slot aperture coupling it is assumed that antenna radiation efficiency is unity, so that gain is equal to directivity.
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The three formulas are included for the reader's convenience; in order below starting with the intentional emitter (1), then the unintentional emitter (2), and finally the Sandia correction factor (3).
The corrections from the three formulations for a 2 inch long thin slot are shown in Figure 1 . The correction from the intentional emitter (in red) becomes very large as frequency increases and has a "DC" offset. The correction for the unintentional emitter has a less aggressive slope than the Sandia correction, but has a "DC" offset. It was determined that the intentional emitter correction was too large of a correction for almost all of the cases. 
Experimental Setups
The test object was placed in an anechoic chamber such that the center of the ridged horn antenna was lined up with the center of the slot aperture, i.e. broadside. The cylinder was oriented with the length of the slot perpendicular to the polarization of the transmitting electric field from the antenna. The test object was rotated azimuthally 360 degrees. A small 4.33mm monopole antenna was mounted on the top plate of the cylinder, so that the interior fields could be sampled with a spectrum analyzer. The forward and reflected power at the ridged horn antenna feed was monitored with a power meter. The field at the slot aperture was calculated using the Friis transmission equation. The gain of the ridged horn antenna was measured using the two antenna method. The shielding effectiveness was calculated as the ratio of the inner normal electric field to the incident electric field at the slot aperture.
The mode-stirred chamber at Sandia is a large (11.3m L x 7m W x 4m H) welded aluminum room where losses have been minimized in order to maximize the chamber's electromagnetic reverberant nature. It provides pseudo-randomly directional, non-planar electromagnetic fields over a range of 0.22 -40 GHz. RF power, from a suite of amplifiers, is radiated into the chamber via antennas and mixed by a paddle rotating at 30 rpm (1 revolution every 2 seconds). Test objects in the mode-stirred chamber require characterization at only one orientation due to RF exposure from many angles and polarizations. The fields in a mode-stirred chamber are homogenous throughout the volume. This allows incident electric field measurements to be made with non-perturbing 4.33mm monopole probes mounted on four of the inner walls of the chamber. The electric fields inside the test objects are measured with 4.33mm monopoles as well. The shielding effectiveness measurement is accomplished by taking the ratio of the average power on the 4.33mm monopole inside the test object with the average power on the 4.33mm monopoles mounted on the walls of the chamber. Using the ratio of the EM sensor output power (P sensor ) outside and inside the test object, the SE can be calculated as shown in equation (4). SE data for all tests will be represented as dB of shielding.
Results
The results from the single slot cylinder measurements are shown in Figure 2 . The amplitude of the response in the anechoic chamber is larger than that of the response from the mode-stirred chamber, as expected.
Based upon the need for both a low frequency and high frequency correction, the correction for an unintentional emitter was used. It is difficult to see how well the correction is working over the entire frequency band from the comparison of the data. A smoothing function (or moving average box car filter) was used to see the overall trend of the curves by essentially removing the high Q features of the cavity modes. There appeared to be an approximately constant deviation of the two curves. If we add 4 dB to the corrected mode-stirred chamber data, the curves appear to overlap for the majority of the frequency band, as seen in Figure 3 . The results for the multiple-slot cylindrical and the rectangular test objects shall be presented and can be found in [3] . The relationship between the Q of the test object and the corrections needed shall also be discussed.
Conclusions
Mode-stirred chamber and anechoic chamber measurements were made on two sets of canonical test objects with varying numbers of thin slot apertures. The shielding effectiveness was compared to determine the level of correction needed to compensate the mode-stirred data to levels commensurate with anechoic data from the same test object.
The cylinders with varying number of slot apertures had very different corrections needed to compensate the mode-stirred chamber data correctly. For a single slot aperture an unintentional emitter correction plus 4 dB was needed, while the two and eight slot cylinders needed the Sandia correction factor to bring the levels up. The rectangular cavity with varying number of slot apertures had interesting results, in that the same correction factor, namely the unintentional emitter plus 4 dB, worked the best for one, two, and four apertures. A summary of the best correction factors for each test object measured are shown in Table 1 . 
